Background: Studies which focused on the character of miR-144-3p in hepatocellular carcinoma (HCC) are limited. This study aimed to explore the expression, clinical significance and the potential targets of miR-144-3p in HCC. Methods: The Cancer Genome Atlas (TCGA) and a cohort of 95 cases of HCC were applied to investigate aberrant miR-144-3p expression in HCC. A meta-analysis was performed to accumulate data on miR-144-3p expression in HCC based on TCGA, quantitative reverse transcription-polymerase chain reaction (qRT-PCR) and Gene Expression Omnibus (GEO). Additionally, the potential regulatory mechanisms of miR-144-3p in HCC were explored by bioinformatics. Results: MiR-144-3p expression was downregulated distinctly in HCC compared to para-HCC tissue both in TCGA data (8.9139±1.5986 vs 10.7721±0.9156, P,0.001) and in our qRT-PCR validation (1.3208±0.7594 vs 2.6200±0.9263, P,0.001). The meta-analysis based on TCGA, qRT-PCR and GEO data confirmed a consistent result (standard mean difference =-0.854, 95% CI: -1.224 to -0.484, P,0.001). The receiver operating characteristic curve of miR-144-3p gained a significant diagnostic value both in TCGA data (area under the curve [AUC] =0.852, 95% CI: 0.810 to 0.894, P,0.001) and in qRT-PCR validation (AUC =0.867, 95% CI: 0.817 to 0.916, P,0.001), especially in alpha-fetoprotein-negative HCC patients (AUC =0.900, 95% CI: 0.839 to 0.960, P,0.001). Furthermore, we identified 119 potential targets of miR-144-3p in HCC by bioinformatics. Gene ontology and Kyoto Encyclopedia of Genes and Genomes pathway analyses revealed that several significant biologic functions and pathways correlated with the pathogenesis of HCC, including the p53 signaling pathway. Conclusion: MiR-144-3p may function as a cancer suppressor microRNA, which is essential for HCC progression through the regulation of various signaling pathways. Thus, interactions with miR-144-3p may provide a novel treatment strategy for HCC in the future.
Introduction
Hepatocellular carcinoma (HCC) is a common malignancy with a high incidence and unsatisfactory prognosis worldwide. 1, 2 In the past few decades, surgery was considered the first-line treatment of HCC. 3, 4 However, most HCC patients were diagnosed in advanced stage and, therefore, lost the chance for surgery. [5] [6] [7] Up to now, it still remains a challenge to improve the survival of HCC patients. 8 Despite great progress in the treatment of HCC, including interventional therapy and molecular target treatment, only one molecular targeted agent (sorafenib) has been demonstrated to improve submit your manuscript | www.dovepress.com
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liang et al the survival of HCC. [9] [10] [11] [12] [13] Consequently, it is worthwhile to identify novel molecular targets to facilitate early diagnosis and targeted therapy of HCC to achieve a better survival of HCC patients.
MicroRNAs (miRNAs) are a family of noncoding RNAs which can take part in cell apoptosis and proliferation. [14] [15] [16] [17] [18] [19] Recently, it has been reported that miRNAs can play an indispensable role in the pathogenesis of cancers through the regulation of oncogene and anti-oncogene. [20] [21] [22] [23] [24] [25] [26] [27] [28] There have been three published articles that investigated miR-144-3p level in HCC tissue with small sample size, and all of them showed downregulation of miR-144-3p expression in HCC. [29] [30] [31] However, the limited sample size of the three individual studies (23 pairs, 33 pairs and 100 pairs, respectively) may lead to false-positive results and a weak conclusion. Hence, attempts to verify the altered miR-144-3p expression in HCC are necessary.
Up to now, several studies have investigated the clinical impact of miR-144-3p in several cancers, and all demonstrated the important role of miR-144-3p in carcinogenesis. In lung cancer, miR-144-3p could inhibit cell proliferation and induce apoptosis and autophagy. In bladder cancer, Guo et al 64 clarified that miR-144-3p could regulate Wnt signaling pathway to promote cancer cell proliferation. In prostate cancer, Gu et al 65 clarified that miR-144-3p was associated with radiosensitivity. However, the investigation into the role of miR-144-3p in HCC is rare. Thus, in this study, we focused on the role of miR-144-3p in HCC.
In this study, we investigated the miR-144-3p level in HCC from three sources (The Cancer Genome Atlas [TCGA] database, quantitative reverse transcription-polymerase chain reaction [qRT-PCR] and Gene Expression Omnibus [GEO] database) and combined them by a meta-analysis. Afterward, the clinical significance of miR-144-3p in the diagnosis and prognosis of HCC was evaluated. Moreover, the underlying mechanisms of the pathogenesis of HCC were analyzed through identifying the potential target genes of miR-144-3p and performing a gene functional enrichment analysis.
Materials and methods
Patients and samples
We collected 95 HCC samples with matched adjacent nontumor tissues from 75 males and 20 females (mean age: 50 years) at the First Affiliated Hospital of Guangxi Medical University between March 2010 and March 2012. The patients in this cohort had not received any treatment before the surgery. Two pathologists performed the pathologic diagnoses independently. The study was approved by the ethics committee of the First Affiliated Hospital of Guangxi Medical University, Nanning, China, and all patients signed the written informed consent for our study.
MiR-144-3p expression in HCC in TCGA
We mined TCGA database (https://cancergenome.nih.gov/) to explore miR-144-3p expression in HCC tissues. The level three data of the miRNA profile of HCC with the corresponding clinical data were evaluated. Next, miR-144 expression was selected from the miRNA profile. Subsequently, we conducted the statistical analyses to assess miR-144 expression in HCC and the associations between miR-144 level and the clinicopathologic features.
Quantitative reverse transcriptionpolymerase chain reaction
The qRT-PCR procedure has been reported in our previous studies. 20, 22, [32] [33] [34] [35] [36] [37] [38] [39] A combination of RUN6B and RUN48, which has been considered a stable internal control in our previous studies, was utilized as a reference for the detection of miR-144-3p levels in this study. 20, 35, 40 The RNU6B, RNU48 and miR-144-3p primers were involved in the TaqMan MicroRNA Assays (4427975; Thermo Fisher Scientific, Waltham, MA, USA), and their sequences were as follows: miR-144-3p, UACAGUAUAGAUGAUGUACU; RNU6B,CGCAAGGA UGACACGCAAAUUCGUGAAGCGUUCCAUAUUUUU; RNU48, GAUGACCCCAGGUAACUCUGAGUGU GUCGCUGAUGCCAUCACCGCAGCGCUCUGACC. The miR-144-3p level was computed by the formula 2 -Δcq . 20, 22, [32] [33] [34] [35] [36] [37] [38] [39] MiR-144-3p expression in HCC in the geO
We searched for miR-144-3p expression in HCC in GEO database with the following key words: 1) (hepatocellular OR liver OR hepatic OR HCC), 2) malignan* OR cancer OR tumor OR tumour OR neoplas* OR carcinoma and 3) microRNA OR miRNA OR miR. The microarrays, which examined miR-144-3p expression in HCC tissues and noncancerous tissues, were included. The microarrays with poor quality were excluded. The microarray with poor quality was the one that 1) did not provide useful data for metaanalysis, 2) did not have control group and 3) only detected one sample of HCC. Finally, the included GEO dataset was GSE41874, GSE40744, GSE21362, GSE22058, GSE12717 and GSE57555.
Meta-analysis
Stata 12.0 software was used for the meta-analysis. The metaanalysis combined three sources (TCGA data, qRT-PCR data and GEO data) of the expression of miR-144-3p in HCC.
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MiR-144-3p in HCC Standard mean difference (SMD) with 95% CI was utilized to assess the pooled data in the meta-analysis. The Q test (chi-squared test) and I 2 were calculated to judge the heterogeneity among the eligible studies. A fixed-effects model was performed if no obvious heterogeneity existed among the pooled studies (I 2 ,50% and P.0.1) and a random-effect model was utilized when obvious heterogeneity was observed among the studies (I 2 .50% or P,0.1).
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MiRNA target prediction
Twelve databases (miRWalk, Microt4, miRanda, mirbridge, miRDB, miRMap, miRNAMap, Pictar2, PITA, RNAhybrid, Targetscan and miRWalk) were used for the target prediction of miR-144-3p, 42 and the predicted target genes of miR-144-3p that were reported in at least four databases were selected. Three databases (miRTarbase, Tarbase and miRNet) were searched to obtain the validated targets of miR-144-3p. [43] [44] [45] Next, we combined the two parts to identify the target genes of miR-144-3p and applied the target genes to further gene functional enrichment analysis.
Natural language processing (NLP) analysis of HCC-related studies
We retrieved the PubMed database with the following keywords: 1) hepatocellular OR liver OR hepatic OR HCC and 2) malignan* OR cancer OR tumor OR tumour OR neoplas* OR carcinoma. In the published studies, the HCC-related genes were identified through A Biomedical Named Entity Recognizer (http://pages.cs.wisc.edu/~bsettles/abner/).
As for the NLP analysis, we computed the frequency of all the genes in the included studies in PubMed database. A higher frequency of a certain gene represents a greater likelihood of the associations between HCC and the certain gene. The probability of a frequency greater than "k" co-citations was analyzed of random conditions via hypergeometric distribution. A P-value ,0.01 showed statistically significance. The P-value of a certain HCC-related gene was calculated with the following formulas:
where N indicates all the eligible studies, m is the frequency of the related genes, n is the frequency of HCC and k is the co-occurrence of HCC and a certain gene.
Gene functional enrichment analysis by bioinformatics
Gene ontology (GO) analysis, including three sections (biologic process, molecular function and cellular component), was completed in DAVID database. 46 Cytoscape software with BINGO contributed to the GO network. The protein-to-protein network was analyzed in STRING. 47 The databases of the Kyoto Encyclopedia of Genes and Genomes (KEGG) and Panther were also applied in the enrichment of the underlying biologic pathways of miR-144-3p targets.
statistical analysis
We conducted all the statistical analyses in SPSS 22.0 software and used Student's t-tests to analyze the quantitative miR-144-3p levels between two groups. One-way analysis of variance was utilized for three groups. Furthermore, we exploited receiver operating characteristic (ROC) curves and calculated the area under the curve (AUC) to estimate the diagnostic value of miR-144-3p for HCC. The standard to assess the efficacy for HCC diagnosis in ROC was as follows: low (AUC: 0.5-0.7), moderate (AUC: 0.7-0.9) and high (0.9-1.0). A P-value ,0.05 indicated statistical difference. Figure 1A ). Not surprisingly, a consistent expression pattern was observed in 48 pairs of HCC and adjacent normal liver tissues (P,0.001; Figure 1B ). The P-value of the diagnostic power in ROC curve was ,0.001 (AUC =0.852, 95% CI: 0.810 to 0.894, P,0.001; Figure 2A ). The results of the relationships between miR-144-3p and the clinicopathologic characteristics from TCGA data are summarized in Table 1 . Low miR-144-3p expression was only detected in high pathologic stage rather than low pathologic stage. No significant correlation was observed between miR-144-3p and other clinicopathologic features. In the survival analyses by Prog-MIR (http://xvm145.jefferson.edu/progmir/), no significant results were observed (hazard ratio =0.93, 95% CI: 0.83 to 1.04, P=0.204). All of the clinicopathologic factors are presented in Table 2 . Regarding the associations between the expression of miR-144-3p and the clinical characteristics in HCC, we found that the downregulation of miR-144-3p was detected in HCC with metastasis (1.1120±0.5994, P=0.006; Figure 3B ), advanced tumor node metastasis (TNM) stage (1.1596±0.5821, P=0.001; Figure 3C ) and tumor capsular infiltration (1.1746±0.6991, P=0.047; Figure 3D ), compared to the HCC without metastasis (1.5433±0.8504), early TNM stage (1.8559±1.0146) and without tumor capsular infiltration (1.4833±0.7977), respectively. The rest of the clinicopathologic parameters of HCC had no significant influence on the expression of miR-144-3p (Table 2) .
Results
MiR
MiR-144-3p expression validation in HCC by qRT-PCR
Interestingly, we obtained two altered AUCs in alphafetoprotein (AFP)-positive HCC patients (AUC =0.827, 95% CI: 0.749 to 0.905, P,0.001; Figure 4A ) and AFP-negative HCC patients (AUC =0.900, 95% CI: 0.839 to 0.960, P,0.001; Figure 4B ).
Meta-analysis of miR-144-3p expression in hcc
Regarding the differential expression of miR-144-3p between HCC and nontumor liver tissues, six studies of microarrays in the GEO database (GSE41874, GSE40744, GSE21362, GSE22058, GSE12717, GSE57555), which involved 226 HCC tissues with 212 nontumor liver tissues, 
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MiR-144-3p in HCC were included for this meta-analysis. Next, we combined the available data (TCGA, qRT-PCR, GEO) by a meta-analysis, which obtained the pooled SMD of miR-144-3p as -0.854 (95% CI: -1.224 to -0.484, P,0.001; Figure 5A ) using a random-effects model, and the P-value of the heterogeneity test was ,0.001 (I 2 =79%). Moreover, we performed a subgroup analysis which involved only six microarray studies, and a similar trend of SMD was also observed by a fixedeffects model (SMD =-0.608, 95% CI: -0.803 to -0.412, P,0.001; heterogeneity: I 2 =26%, P=0.239; Figure 5B ). No obvious publi cation bias was noted (Begg's test: P=0.707, Egger's test: P=0.968; Figure 6A ). Likewise, we did not find obvious publication bias among the included studies (Begg's test: P=0.711, Egger's test: P=0.654; Figure 6B ).
Potential targets of miR-144-3p
Twelve databases were searched to predict the potential targets of miR-144-3p. A total of 4,297 genes reported in at least four databases were obtained from those databases, and 14 validated target genes with strong evidence were identified via the combination of the miRTarBase and TarBase databases. Next, the genes reported in at least four databases were combined with the validated target genes, and finally, 4,311 genes were selected to represent the targets of miR-144-3p. A flowchart of this prediction analysis is presented in Figure 7 . 
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MiR-144-3p in HCC for the GO analysis. There were 264 significant terms involving biologic processes (P,0.05). Among them, we achieved response to organic substance, response to hormone stimulus, regulation of cell proliferation, response to endogenous stimulus and response to steroid hormone stimulus (Table 3) . Moreover, there were 32 terms involving cellular components (P,0.05), some of which were associated with extracellular region, extracellular space, platelet alpha granule lumen, fibrinogen complex, cytoplasmic membranebounded vesicle lumen and so on (Table 3) . Meanwhile, there 
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MiR-144-3p in HCC were 26 significant terms enriched of molecular functions (P,0.05) including kinase binding, eukaryotic cell surface binding, cell surface binding, enzyme binding, sequencespecific DNA binding and so on (Table 3) . Furthermore, BINGO analysis was conducted for the visualization of the GO analyses based on the overlapping 119 genes. The associations among the GO terms are presented in Figure 8 (biologic processes), Figure 9 (cellular components) and Figure 10 (molecular function) . The protein-protein interaction analysis was performed to identify the hub genes among the 119 overlapping genes, and in the protein-protein interaction analysis, we observed several genes in close association with the other genes, such as MAP2K1, JUN, SRC and CCND2 (Figure 11 ).
Pathway analysis of the overlapping genes between the predicted genes, the validated target genes of miR-144-3p and the NLP in KEGG
The overlapping 119 genes of the predicted genes, the NLP analysis and the differential expression of HCC in TCGA data were also applied to pathway analysis in KEGG database. There were 13 significant signaling pathways (P,0.05, Table 5 ).
Discussion
HCC, as a common cancer, attracts more attention in clinical practice worldwide because of the growing incidence and unsatisfactory survival despite all of the achievements in diagnosis and treatment. 1, 48 MiR-144-3p, a member of the miRNA family, can bind to its target mRNA in order to inhibit or promote oncogenesis and progression. [49] [50] [51] Hence, it is pivotal to investigate and clarify the role of miR-144-3p in HCC in order to identify novel potential targets for the diagnosis, prediction of prognosis and treatment of HCC.
The expression of miR-144-3p has been explored in various cancers. Lower levels of miR-144-3p were found in breast cancer, renal cell carcinoma and hematologic malignancies. 49, 52, 53 In esophageal carcinoma, Gao et al 54 and Shao et al 55 observed that miR-144-3p was underexpressed. However, Sharma et al reported an opposite pattern of miR-144-3p expression in esophageal carcinoma. 56 The inconsistent findings in esophageal carcinoma may 
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MiR-144-3p in HCC Figure 10 The BINGO analysis network: MF. Notes: Each node stands for a certain process and a larger size indicates a larger number of genes involved in the process. The colored nodes indicate statistical difference (P,0.05), and a smaller P-value of the process owns a deeper color. The nodes of white color were only utilized to connect the biologic processes without statistical difference. Abbreviation: MF, molecular functions.
have resulted from the limited sample size. With regard to miR-144-3p expression in HCC, there have been only three individual studies which focused on miR-144-3p expression in HCC tissues with small sample size. Zhou et al, 30 Cao et al 31 and Yu et al 29 unveiled that miR-144-3p was downregulated in 23 pairs, 33 pairs and 100 pairs of HCC tissues with corresponding normal control tissues, respectively. Likewise, we observed a decreased miR-144-3p level both in TCGA data and in qRT-PCR validation (both P,0.001). More importantly, a meta-analysis (a method of evidencebased medicine) was performed to accumulate the current individual evidence of the aberrant miR-144-3p in HCC, and we aimed to reach a more stable and convincing conclusion with a larger sample size. By combining the TCGA data, the qRT-PCR data and the GEO data, we confirmed the downregulation of miR-144-3p in 675 cases of HCC as compared to 357 normal liver tissues (SMD =-0.854, 95% CI: -1.224 to -0.484, P,0.001), and the result was more convincing than previous studies. After this, we also conducted the ROC curve to assess the diagnostic capability of miR-144-3p for HCC. Two significant AUCs of the ROC curves were reached in TCGA data (AUC =0.852, 95% CI: 0.810 to 0.894, P,0.001) and qRT-PCR validation (AUC =0.867, 95% CI: 0.817 to 0.916, P,0.001). Interestingly, after separating the cohort for qRT-PCR validation into two groups (AFP-positive HCC and AFP-negative HCC), the diagnostic value of miR-144-3p for HCC changed (AFP-positive HCC: AUC =0.827, 95% CI: 0.749 to 0.905, P,0.001; AFP-negative HCC: AUC =0.900, 95% CI: 0.839 to 0.960, P,0.001). Based on the results above, we demonstrated that miR-144-3p, to a certain extent, had diagnostic value for HCC, especially for AFP-negative HCC. To our knowledge, about 80% patients with HCC have elevated AFP in the serum. AFP is a clinically accepted biomarker for the diagnosis and recurrence of HCC. The AFP-negative HCC, without obvious clinical manifestations, is difficult to be diagnosed in the early stage. In our study, miR-144-3p showed considerable diagnostic value for AFP-negative HCC, which could provide a novel strategy to improve the early diagnosis of AFP-negative HCC patients. 
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Regarding the clinicopathologic significance of miR-144-3p in HCC, only Yu et al carried out the analysis unveiling that downregulated miR-144-3p was more remarkable in advanced TNM stage compared to early TNM stage. 29 In this study, we observed miR-144-3p level was lower in metastasis (P=0.006), advanced TNM stage (P=0.001) and noncapsule or infiltration (P=0.047) groups than in nonmetastasis, early TNM stage and complete capsule groups, respectively. Notably, the aforementioned clinicopathologic features, which showed the differential expression of miR-144-3p, correlated well with the prognosis of HCC. Several published studies which investigated the regulatory mechanisms of miR-144-3p in HCC confirmed the relationships between miR-144-3p and unfavorable clinicopathologic features. Cao et al ascertained miR-144-3p could suppress the cell proliferation, migration and invasion in HCC by directly targeting E2F transcription factor 3 in vitro. 31 From the perspective of the biologic process of miRNA with multiple targets, Yu et al clarified another target (SMAD family member 4, SMAD4) of miR-144-3p in HCC and showed that miR-144-3p could increase the chemosensitivity of 5-fluorouracil in HCC cell line. 29 Similarly, Zhou et al elucidated that miR-144-3p could enhance the chemosensitivity through the regulation of Nrf2-dependent antioxidant pathway. 30 These targets (E2F3, SMAD4 and Nrf2) of miR-144-3p validated in previous studies with strong evidence did not arise in this analysis. The reason may be that though the comprehensive bioinformatic investigation could provide relatively complete targets of miR-144-3p in HCC, the major limitation of bioinformatics was that the targets were identified with less evidence. Both false-positive and false-negative targets of miR-144-3p were inevitable. Thus, considering the complex mechanisms of miRNA and the pathogenesis of HCC, further in vitro and in vivo investigations are necessary to clarify the molecular mechanisms of miR-144-3p in HCC. Taken together, miR-144-3p may be a novel marker to predict the prognosis of HCC. Further survival analysis is essential to confirm the prognostic role of miR-144-3p. To further elucidate the potential regulatory functions of miR-144-3p in carcinogenesis and the progression of HCC, we performed a bioinformatics analysis of the potential target genes of miR-144-3p in HCC. Three sections, 12 prediction databases and 2 validation databases for obtaining miR-144-3p targets, the NLP analysis searching for HCC-related genes and the differential expression of genes of HCC in TCGA database, were employed. The potential targets of miR-144-3p in the pathogenesis of HCC were identified by the overlapping among the three sections. In the GO analysis of the overlapping genes, some of the targets were associated with the regulation of cell proliferation, kinase binding, sequence-specific DNA binding and so on. These relevant functions of the overlapping genes may be indispensable for the pathogenesis in HCC. Further in vitro and in vivo experiments are also required to clarify the functions of these target genes of miR-144-3p in HCC. The protein-to-protein network of the overlapping genes revealed several hub genes which have been investigated in the carcinogenesis and progression, including MAP2K1, JUN, SRC, CCND2 and so on. [57] [58] [59] [60] Further in vivo and in vitro experiments are necessary to affirm the relationships between miR-144-3p and the hub genes in the pathogenesis of HCC.
In the pathway analysis of the overlapping genes, 13 noteworthy signaling pathways in the KEGG database and 4 significantly signaling pathways in the Panther database were enriched, including the p53 signaling pathway, the tolllike receptor signaling pathway and angiogenesis. Among them, several dysfunctional signaling pathways have been observed to contribute to oncogenesis and the progression of HCC. [61] [62] [63] Further in vitro and in vivo exploration of miR-144-3p's regulatory mechanism in these signaling pathways is imperative to confirm the role of miR-144-3p in HCC.
In conclusion, miR-144-3p may act as a tumor-suppressing miRNA in the carcinogenesis and progression of HCC via the regulation of cell proliferation, kinase binding and sequence-specific DNA binding, including several important pathways in the carcinogenesis and progression in the HCC: p53 signaling pathway, the toll-like receptor signaling pathway and the angiogenesis pathway. Further studies are necessary to verify the relationships between miR-144-3p and the key hub genes in the pathogenesis of HCC. Thus, interactions with miR-144-3p may provide an original insight for HCC treatment.
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